D
irect laryngoscopy by an experienced practitioner is usually an easy procedure; however, restricted or difficult intubations 1 demand optimum conditions for a successful outcome, including an optimum laryngo scope light. Difficult intubations are not always predictable, 2 and therefore laryngoscopes with an optimum light should be available at all times. 3, 4 Maintenance of laryngoscopes requires regular audit, measurement of laryngoscope light, and knowledge of optimum illumination. Difficulty in mea suring laryngoscope light and intermittent audit practices mean that laryngoscopes are often used with substandard light. 5 Several studies have examined laryngoscope light [5] [6] [7] [8] [9] [10] [11] [12] [13] and some have made subjective assessments of minimum or optimum light characteristics for laryngoscopy. [6] [7] [8] 10, 11, 13 The International Organization for Standardization has published a standard (ISO 7376:2009) specifying illumi nance levels and tests for illumination from hookon type laryngoscopes. Although this standard specifies that laryngoscope illumination should exceed 500 lux for at least 10 minutes of use, the optimum level is not defined, nor is objective evidence provided for this minimum standard. The purpose of this study was to investigate the optimum laryngoscope illuminance for direct laryngoscopy by measuring the visual acuity and subjective assessment of 50 anesthesiologists during direct laryngoscopy on a manikin using 4 levels of laryngoscope illuminance.
METHODS
Approval for this study was obtained from the Northern X Regional Ethics Committee, and written informed consent was gained from participants. Fifty practicing anesthesi ologists, from a range of backgrounds and specialties, with at least 2 years' experience in direct laryngoscopy, were recruited for the trial from a tertiary hospital. The partici pant's age, sex, years of experience, specialist interest, visual history, any previous visual difficulty during laryngoscopy, and the use of lenses during laryngoscopy were recorded.
All participants were screened for contrast vision using a PelliRobson chart (Appendix 1) to ensure that no partici pants had poor contrast sensitivity that would have affected
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Effect of Laryngoscope Light on Visual Acuity the investigation. Wall charts were then used for measure ment of distance visual acuity (Appendix 1). Finally, near charts were used to measure visual acuity during the laryn goscopy procedure. These near charts were placed into the larynx of each manikin at a plane approximating that of the vocal cords (Fig. 1) . Different versions of the charts were used to minimize learning effects.
During measurements, participants began reading each acuity chart at the smallest letter size where they could cor rectly read all the letters on the line. Every letter read cor rectly on a lower line was counted in the measurement of their acuity score, which was then converted to the loga rithm of the minimum angle of resolution (logMAR; log 10 minimum angle resolved) using the method of Bailey et al. 14 (Appendix 2). In this study, the logMAR values were con verted using a linear transformation formula to the more intuitive Visual Acuity Rating scale (VAR = 100 -[50 × log MAR]; Appendix 2). This conversion was used because it transforms the skewed MAR score to an approximately nor mal distribution. Research has shown that logMAR is the appropriate scale for statistical analysis of measures of visual acuity. 15, 16 On the logMAR scale, normal acuity (20/20) is 0.0 log (minutes of arc), and each additional letter read reduces the score by 0.02. On the VAR scale, normal acuity (20/20) is 100, and each additional letter read increases the score by 1. Four levels of ambient light (50, 200, 700, and 2000 lux) were used, and participants were first tested on wall charts and then near charts in manikins at each of these ambient light levels. The order of light level was randomized with a brief rest period between each recording, while light levels were adjusted and calibrated with a lux meter.
Because the visual tasks of laryngoscopy in vivo involve detection of variations in red tissue color and contrast, we used red illumination for the acuity charts that approxi mated the red color of the manikin airway and the human airway. The use of a red filter in this study also minimizes the change in spectral composition that accompanies an increase in supply voltage. Normal changes in battery charge are likely to produce similar spectral changes.
Four manikins with normal anatomic airways were placed on adjustable tables to allow for participants' vary ing heights. The distance from each individual participant's eyes to the plane of the near visual acuity card (vocal cord plane) was used to calculate the near visual acuity mea surements. The light produced by the laryngoscope was adjusted and calibrated with a lux meter between each manikin to generate 1 of the 4 lux levels (50, 200, 700, and 2000 lux) measured as specified in the current ISO 7376:2009 standard. Participants were instructed to perform direct laryngoscopy according to their normal practice to access and read the near vision charts located in the larynx of the manikin. This task usually took less than 30 seconds but never more than 1 minute.
After acuity measurement at each manikin, the partici pants were asked to rate their subjective experience on a 10cm line for each of the 5 different variables: brightness of the laryngoscope, clarity of view, suitability of the light for laryngoscopy, adequacy of the light to perform laryn goscopy, and the participant's subjective perception of their visual performance using this light. The left and right ends of the visual analog scales were labeled for each ques tion. These questions and the visual analog scale appear in Table 1 .
Statistics
Visual acuity was analyzed using generalized linear mod els, with the logMAR score used as a continuous outcome. All predictive factors were analyzed as categorical vari ables; hence, the parameter estimate (95% confidence inter val) shows the difference in logMAR score between each category and the defined reference group. Models were fit ted using Proc GLM in SAS v9.1 (SAS Institute, Cary, NC). The subjective scores were analyzed using paired t tests (the pair based on the individual anesthesiologists) describing the mean and standard deviations. For subjective measure ments, comparisons were performed with the lux level of 2000 so as to determine whether lower light levels were con sidered by the anesthesiologists to be inferior to the bright est light. For objective measures, we assessed differences with the 700 lux level as the comparative group, because this was considered at the time of designing the study to be the minimum light level. Statistical significance was defined at the 5% level.
RESULTS
Fifty anesthesiologists participated in this study (33 male and 17 female). The median age was 42 years (interquartile range [IQR] , 34-49), with 12.5 median years of experience (IQR, 7-22): 37 were consultants, 13 were registrars, and 13 practiced pediatric anesthesiology. Twelve participants reported a history of difficulty focusing, and 29 used contact lenses or eye glasses for laryngoscopy and distance vision. The PelliRobson recordings were all 1.65, indicating normal contrast sensitivity.
The effect of illuminance on visual acuity using the wall charts and the manikin charts appears in Table 2 and Fig. 2 Using 700 lux as a reference, visual acuities at 50 and 200 lux were statistically, significantly worse; visual acuities at 2000 lux, however, were not statistically significantly better (Table 2) . We additionally performed a Dunnet correction to the analysis of lux levels. The levels of significance of the 50 lux and 200 lux levels compared with 700 lux were both P < 0.0001. The result comparing 2000 lux with 700 lux became less significant as would be expected (P = 0.39 to 0.72). We further analyzed the differences between 700 lux and 2000 lux using the repeated option in Proc GLM to allow for the correlation between scores (Pearson correla tion r = 0.87). This continued to show no difference between logMAR scores at 700 lux and 2000 lux, and in addition, there were no differences in relation to any of the other fac tors controlled for; thus, the lack of difference was general izable across the whole group of anesthesiologists (Table 3) .
In multivariable analysis controlling for seniority, subspecialty (adult and pediatric anesthesiology), history of difficulty focusing, and use of lenses for laryngoscopy, visual acuity of participants was significantly better on the Please rate the suitability of this light for laryngoscopy; 0 = unsuitable, 10 = perfect. 4 . Please rate the adequacy of the laryngoscope light to perform laryngoscopy; 0 = excessively dim, 5 = perfect, 10 = excessively bright. 5 . Please rate your visual performance for laryngoscopy under the conditions at this station: 0 = inadequate, 10 = perfect SD = standard deviation. a Scale rated with perfect in the middle of the scale. The numbers in columns 1 and 4 (brightness and adequacy) represent the mean distance of the points which deviate in either direction from the perfect point, which is in the center of the VAS. b Scale rated with perfect at the right of the scale. The reported mean in columns 2, 3 and 5 (clarity, suitability and performance), is the mean distance of the VAS. Statistical significance was defined as P < 0.05. The P value is in comparison to 2000 lux.
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Effect of Laryngoscope Light on Visual Acuity wall charts than the manikin charts by an average of 0.1 log minutes of arc or 1 line (5 letters) on the letter chart (P < 0.0001; Table 2 ). The focal distance during laryngoscopy on the manikins had a mean distance of 32 cm (IQR, 26-44).
Measurements of filtered and nonfiltered laryngoscope light reflected from the walls of the manikin larynges showed that any differences in luminance or color were less than the measurement accuracy of the light meters. Participants' subjective opinions of light conditions during laryngoscopy are shown in Table 1 . When asked to rate the subjective opinion of visual performance dur ing laryngoscopy, at 50 lux, 200 lux, and 700 lux compared with 2000 lux, participants favored 2000 lux for clarity of view, suitability of the light for laryngoscopy, and visual performance.
DISCUSSION
The visual acuity of 50 anesthesiologists was measured dur ing laryngoscopy in manikins at 4 levels of laryngoscope light. Visual acuity improved between 50 lux, 200 lux, and 700 lux illuminance. No significant improvement in visual acuity was achieved by increasing laryngoscope illumi nance from 700 lux to 2000 lux. Despite this objective result, anesthesiologists favored laryngoscopy at 2000 lux for the subjective measures of clarity of view, suitability of the light for laryngoscopy, and visual performance.
The effect of laryngoscope light on visual acuity dur ing direct laryngoscopy has not been previously measured. Previous studies have subjectively examined the relation ship between laryngoscope light and performance at direct laryngoscopy. [6] [7] [8] 10, 11, 13 A study performed on a child manikin involved subjective assessment by 50 anesthesiologists to determine minimum and optimum levels of illuminance. 10 In that study, the observers tolerated low levels of illumi nation for simple laryngoscopy, with a range of optimum levels reported from 16 lux to 610 lux, but they preferred a brighter light for difficult laryngoscopy. The majority of those anesthesiologists also considered that 700 lux was too bright for halogen (78%) and xenon (54%) bulbs. This con trasts with our subjective findings where anesthesiologists favored 2000 lux illumination.
To create an objective measurement of visual acuity during direct laryngoscopy, the near test charts were placed inside the manikin. This added the mechanical processes of laryngoscopy to the visual process of reading an acuity chart. When the laryngoscopy task was combined with the near visual testing, a significant loss (0.1 log minutes of arc or 1 line of 5 letters on an acuity chart) in visual acuity was found compared with distance visual acuity testing. It is unlikely that the anesthesiologists became fatigued during the task of reading the near acuity chart because the procedure was completed in less than 1 minute. Direct laryngoscopy is a monocular task, 17 and our measurements of near visual performance in the manikins would also have been monocular. Our visual acuity testing on the wall charts did not test for monocular vision, but it has been shown that the average improvement with binocular viewing compared with best eye monocular vision, measured on the same charts used in our study, is only 0.02 log minutes of arc (1 letter on the acuity chart). 18 Therefore, the change to monocular viewing could explain only 20% of the performance loss during laryngoscopy. The remainder of the loss can only be explained by the fact that the near reading had to be accomplished when a competing task (laryngoscopy) was performed, and by the closer near viewing distance. The variable near viewing distances chosen by the anesthesiologists were accounted for in the calculation of near visual acuity and are not the cause of the difference observed.
It is important for anesthesiologists to understand the visual demands of near tasks such as direct laryngoscopy. The median near observation distance of 32 cm, found in our study, is less than the normal 40 cm near working distance In the box and whisker plot of visual acuity from 50 anesthesiologists, the bottom of the box represents the lower quartile, the top represents the upper quartile, the line across the box the median, the ends of the whiskers represent the maximum observation within the lower and upper quartiles ±1.5 times the interquartile range and the dots represent outlying values. Seven hundred lux was used as the reference point for analysis. Significant difference was found for 50 lux and 200 lux, but no difference was found for 2000 lux on both wall and manikin charts ( Table 2 for expected for everyday tasks, indicating that direct laryn goscopy is a very demanding near vision task. Corrective lenses could be needed at an earlier age for this closer distance, and lenses specifically for laryngoscopy should be stronger than ordinary corrective lenses for reading. Because the 32 cm observation distance is closer than con ventional reading distances, older anesthesiologists should alert their eye care practitioner so that reading glasses can be prescribed to suit the close observation distance of direct laryngoscopy. Accurate focus is important for all the pro cedural tasks anesthesiologists need to perform, and for this reason, we chose near visual acuity as a test of visual performance during direct laryngoscopy. 19 Recommended illuminance levels for office tasks vary depending on dif ficulty, with higher illuminances being recommended for more demanding tasks. A value of 500 lux was specified for office work by the Illuminating Engineering Society of North America in 2004. Our study was not designed to investigate other potentially important aspects of laryn goscopy performance such as contrast vision. Calibrated contrast sensitivity tests are difficult to manufacture, and clinical tests of near contrast sensitivity are not commer cially available.
Our study should not be criticized for not using the 500 lux setting recommended in the current ISO 7376:2009 stan dard. At the time that we conducted our study, the draft ISO standard (ISO TC 121/SC 2, N813) was in effect, which spec ified a minimum illumination of 700 lux for laryngoscopes. This draft standard has been withdrawn and replaced with the current ISO 7376:2009 standard. Although the difference between 500 lux and 700 lux seems large, visual percep tion is logarithmic, not linear, and the difference between the 2 levels is better represented by the difference between 2.7 log (lux) and 2.85 log (lux). Compared with the range of illuminances used in this study (1.7-3.3 log [lux]), a change of 0.15 log (lux) is not large.
The optimum laryngoscope light level is reached when best visual acuity is achieved and remains at this level over a range of increasing luminances. A 700lux illuminance level gives very good distance acuity (mean logMAR = -0.12, mean VAR = 106) and good near acuity (mean logMAR = 0.01, mean VAR = 99.5). An increase in light level to 2000 lux gives virtually unchanged distance acuity (mean log MAR = -0.13, mean VAR = 106.5) and unchanged near acu ity (mean logMAR = -0.01, mean VAR = 100.5). Our results show that improvements in visual acuity with increasing illuminance become asymptotic at approximately 700 lux (Fig. 2) . A future study could define the minimum illu mination for laryngoscopy by examining how acuity is altered when illuminance is reduced from 700 lux to 200 lux. Laboratory research has shown that an observer can readily perceive the change in image quality that accom panies a change in acuity of 1 line (logMAR 0.1); therefore, the statistically significant logMAR differences found in this study (50 lux and 200 lux compared with 700 lux) will also apply in clinical situations. 20 The difference seen between 700 lux and 2000 lux was the equivalent of <1 line, and this is not clinically important. The subjective preference for 2000 lux may be explained by the fact that higher luminance reduces pupil size, which may improve acuity by increas ing depth of focus and minimizing the effect of any focus errors. 21 This is the first study to objectively measure visual performance during direct laryngoscopy. The results may help improve the international standards for laryngo scope light. The results may highlight the importance of appropriate light during near vision tasks such as direct laryngoscopy. Progressive visualization of anatomic 
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Effect of Laryngoscope Light on Visual Acuity landmarks is important during direct laryngoscopy. 22 Structures such as the epiglottis, which can be bypassed, distorted by abnormal anatomy and pathology, or masked against adjacent mucosa, need to be demarcated and carefully identified. Under adverse conditions, expo sure and identification of the larynx is dependent on the best optical conditions, including optimum illumination. A greater appreciation of how to optimize a view of the larynx could help decrease failed intubation and airway morbidity. E
AppENDIx 1 Methods
Contrast vision was measured using a PelliRobson contrast sensitivity chart (Precision Vision®, La Salle, IL). The PelliRobson chart was viewed from a distance of 1 m at an ambient room light level of 200 lux.
Four levels of ambient light (50 lux, 200 lux, 700 lux, and 2000 lux) were used in this study. All participants had their distance visual acuity measured using original series Early Treatment Diabetic Retinopathy Study (ETDRS, Precision Vision ® , La Salle, IL) visual acuity charts. Four different ETDRS charts were used to remove the effects of memorizing. The acuity wall charts were illuminated by a portable slide projector. The required illuminance levels were achieved for every measurement by adjusting the distance of the projector from the charts until the required level of ambient light was achieved, as measured with a lux meter.
To examine the effect of differing laryngoscope light levels on visual acuity during laryngoscopy, the study used 4 TruCorp AirSim © manikins (TruCorp Ltd, Belfast, Northern Ireland). The observers used a size 3 fiberoptic xenon bulb Macintosh laryngoscope (Karl Storz Endoscope, Tuttlingen, Germany) attached via the handle to a variable voltage supply (Powertech Systems Equipment Corp., Hacienda Heights, CA). 13 The 4 illuminance (lux) levels chosen (50 lux, 200 lux, 700 lux, and 2000 lux) reflected current international data on minimum and optimum laryngoscope illuminance at the time of the study design. 10, 13 Near visual acuity during laryngoscopy was measured with Sloan pocketsized near vision charts (Precision Vision Original series ETDRS chart). These charts are designed to allow near visual acuity to be determined for the range of near viewing distances used in this study. They were modified by trimming the chart border so that they would fit into the larynx of each manikin at a plane approximating that of the vocal cords (Fig. 1) .
The red filter color was determined using luminance and reflectance measurements gathered from the larynges of the study manikins and then corroborated using a human patient. These measurements indicated that a 35% transmittance red filter (Rosco Laboratories Inc., Stamford, CT) was needed in the light pathway of the study laryngoscope. The color measurements for the manikins and human subject were made with a Photo Research ® PR650 Telespectrophotometer (Photo Research, Inc, Chatsworth, CA) with an MS75 attachment, allowing focus as close as 0.35 m. The light source used was a xenon bulb set to an illuminance of 700 lux. The in vivo measurements were taken from a consenting patient during a general anesthetic. The Telespectrophotometer has a spectral range of 380 nm to 780 nm and a luminance accuracy of ±2% of calculated luminance at a correlated color temperature of 2865 K and an operating temperature of 23°C.
The anesthesiologists performing laryngoscopy were allowed a brief settling period after which a line from their right eye to the right corner of the manikin's mouth was measured. This was added to a premeasured distance from the manikin's mouth to the Sloan pocketsized near vision chart in the larynx (11 cm). The participant then performed laryngoscopy on each manikin, with the purpose of identifying and reading the Sloan near chart. Letterby letter scoring of near visual acuity was performed in an identical manner to the distance visual acuity assessments. Near logMAR acuity was calculated from the total viewing distance and the size of the smallest letters read. The ambient light level was 320 lux during near visual acuity reading.
The red filtered light produced by the laryngoscope was adjusted between each manikin using the Powertech variable voltage supply to generate 1 of the 4 lux levels (50 lux, 200 lux, 700 lux, and 2000 lux) measured at a distance of 20 mm from the tip of the blade as specified in ISO 7376. Light levels were presented in a random order using computergenerated randomization (GraphPad Software®, Inc., La Jolla, CA). The laryngoscope light was calibrated between each assessment using a modified Tektronix J16 Digital Photometer with a J6511 Cosine Corrected Illuminance Probe (Tektronix Inc., Beaverton, OR). A current calibration certificate (B1) for the Photometer indicated ±3% accuracy. The probe was located at the base of a custombuilt 80 mm plastic cylinder lined with a black velvet cloth to reduce light reflection and scatter, and was designed with a longitudinal slot to accommodate the laryngoscope handle. 5 A horizontal needle was positioned inside the cylinder 20 mm above the illuminance probe to act as a depth stop to standardize the distance from the laryngoscope blade tip to the probe as defined in ISO 7376. Ambient light during laryngoscope calibration was 1 lux.
AppENDIx 2: GLOSSARy Of TERMS Illuminance (E)
Illuminance is the amount of light falling on, or illuminating, a unit surface area. The International System of Units unit for illuminance is the lux (lx), and 1 lux is equal to 1 lumen per square meter (lm/m 2 ).
Luminance (L)
Luminance is the apparent brightness of an illuminated surface and is the product of illuminance (E) and reflectance (r) of the visual surface considering direction. The International System of Units unit for luminance is candela per square meter (cd/m 2 ). The relationship between luminance and illuminance is calculated by the formula L = r.E / π.
Snellen Notation and Visual Acuity
Target recognition tasks such as letters presented on Snellen or more modern charts such as the ETDRS, Sloan, or BaileyLovie charts are commonly used for visual acuity measurements. The measurement of letter acuity involves recording the smallest line of letters that a subject can identify on a graduated chart. Visual acuity (VA) can be recorded clinically in Snellen notation according to the familiar notation VA = D′/D, where D′ is the viewing distance and D is the distance from which the letter would need to be observed for the letter detail (the stroke width) to subtend 1 minute of arc at the eye (or the letter height to subtend 5 minutes of arc at the eye). Modern charts are used as these control letter spacing and letter difficulty much more rigorously than older Snellen charts.
Minimum Angle of Resolution
In clinical research, Snellen notation is not favored, because statistical analyses are difficult to apply. Instead, visual acuity is specified as the minimum angle that the letter detail subtends at the eye when the letter can just be recognized. This angle is the minimum angle of resolution (MAR) and is the reciprocal of the Snellen fraction. The logarithm of the minimum angle of resolution (logMAR) is used for statistical purposes as it is a normally distributed continuous variable.
Visual Acuity Rating
In this study, the logMAR values are converted using a linear transformation formula to the more intuitive Visual Acuity Rating scale [VAR = 100 -(50 × logMAR)]. On the VAR scale, an acuity of 6/6 (20/20) is 0.0 logMAR and 100 units VAR. For each letter smaller than 6/6 that is identified, the VAR increases by 1. Therefore, a VAR of 105 is recorded (logMAR = -0.10) when all 5 of the letters on the next smallest line from 6/6 (= 6/4.8, 20/16) are read correctly. A VAR of 85 is recorded where 15 letters (3 lines) are lost from 6/6 and the acuity is 6/12 (20/40; logMAR = 0.30). 23 
